When available in multiple languages, educational apps can deliver the same mathematics instruction in the child's first language or different language of instruction. This pilot study examined the feasibility of a maths app intervention compared to standard mathematical practice with 61 children aged 5-6 years attending a bilingual immersion school in Brazil. The apps were delivered in either the child's first (L1, Brazilian Portuguese) or second (L2, English) language, while app content, time on task, and school setting were consistent across the two treatment groups. Time on task in the comparison group was less. After 10 weeks, results showed children made significant mathematical learning gains with the apps, for both languages of instruction, compared to standard practice: the finding is discussed in relation to the threat of time spent on task. Children using the apps in Brazilian Portuguese (L1) completed more app topics than children using the apps in English (L2) and proficiency in language of instruction correlated positively with app progress. As children's L1 was significantly stronger than their L2 proficiency, this suggests the apps were most effectively implemented in their L1. This study advances the conjoining of bilingual educational theories to educational apps in a controlled, real-world, bilingual immersion setting and highlights important directions for improving app-based mathematics instruction for bilingual children.
Introduction
Educational applications (apps), available in multiple languages and delivered on touch-screen tablet devices (eg, iPads) are increasingly prevalent in children's early learning experiences (Department for Education, 2019; Holloway, Green, & Livingstone, 2013 ) across a wide variety of educational and economic contexts (Drinkwater, 2013; Hubber et al., 2016) . To inform educational policy and practice, an evidence-base that considers factors that impact learning outcomes is imperative (Connolly, Keenan, & Urbanska, 2018; Outhwaite, Gulliford, & Pitchford, 2019) . This study focuses on the influence of children's language proficiency in app-based mathematics instruction in a bilingual setting in Brazil.
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There is growing evidence demonstrating the learning benefits of different educational maths apps for young children (Berkowitz et al., 2015; Schacter & Jo, 2016 . When delivered in the child's local language (L1 for the majority of participating children) the apps at the focus of this study have been shown to be highly effective at supporting the acquisition of basic mathematical skills in radically different educational contexts, including the UK, a high-income Western country (Outhwaite, Faulder, Gulliford, & Pitchford, 2018) and Malawi, a low-income country in Sub-Saharan Africa (Pitchford, 2015; Pitchford, Chigeda, & Hubber, 2019) . In addition, a smallscale pilot study found children with English as an Additional Language (EAL) made as much progress in mathematics as their non-EAL peers (Outhwaite, Gulliford, & Pitchford, 2017) after interacting with the maths apps delivered in English; the language of classroom instruction. The availability of the apps in these studies in different languages gives rise to the opportunity to examine the effects of language of instruction in different language contexts. To date, no studies have explicitly evaluated the influence of children's proficiency in their first (L1) and second language (L2) 1 in the context of app-based mathematics instruction. This is vital for supporting decisions about the appropriate implementation of maths apps with young children (Outhwaite et al., 2019) .
Bilingual education and app design theory
To examine the impact of a child's proficiency in the language of instruction in app-based mathematical learning it is important to understand the range of contextual support and the degree of cognitive involvement afforded by interactive maths apps, such as those examined in this study (see Figure S1 ). A child's communicative proficiency can be modelled as being related to two dimensions (Cummins, 1981) . One dimension distinguishes between communication that is context embedded (e.g. inclusion of situational and paralinguistic supports, such as concrete cues and intonation) contrasting with context reduced communication (e.g. the absence of contextual or additional linguistic cues, which might occur reading a difficult text). Another dimension maps the degree to which a task presents cognitive demand for the learner, ranging from cognitively undemanding, (e.g. a situation where information can be processed relatively easily) to
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Learning mathematics with interactive apps 3 tasks with high cognitive demand (e.g. involving the need to process multiple challenging pieces of information quickly).
Along the first dimension, these apps afford a relatively high degree of contextual support for children to derive meaning about the learning activity. For example, the apps provide one-to-one mathematics instruction through an on-screen teacher that gives clear visual task demonstrations and linked verbal instructions, potentially supportive of the child's development of cognitive academic language proficiency (CALP; Cummins, 2008) . The apps include congruent auditory and visual information, particularly through interactive virtual objects, verbal labels, and numerical representations, engendering multisensory learning (Carr, 2012; Lindahl & Folkesson, 2012) .
Along the second dimension, cognitive demand, the maths apps used in this study enable appropriate levels of cognitive demand in the learning activity. For example, the apps include clear learning objectives and simple, stepwise task instructions that children can repeat as often as desired, which may be particularly supportive when instruction is delivered in the child's L2 (see Figure S1 ). To complete a topic, children need to achieve 100% pass rate on each topic quiz included in the apps, securing their learning gains. The child also has an individual in-app profile, which saves their progress throughout the apps and can be monitored by teachers and the research team. Overall, these app design features may provide strong contextual support whilst optimising cognitive processing demands (Baker, 2011) .
In addition, the apps at the focus of this study are consistent with other learning science principles (Hirsh-Pasek et al., 2015) . Meaningful learning is promoted through a stepped curriculum that builds on a child's previous knowledge Magliaro, Lockee, & Burton, 2005) and extends learning beyond their current attainment level (Inal & Cagiltay, 2007; Vygotsky, 1978) . The maths apps continuous assessment of knowledge acquired engenders retrieval-based learning, known to enhance learning outcomes (Dunlosky, Rawson, Marsh, Nathan, & Willingham, 2013; Grimaldi & Karpicke, 2012) . Furthermore, motivation and engaged learning (Couse & Chen, 2010 ) is facilitated through early reward and immediate feedback (positive or negative), which is given after every interaction with the app. Collectively, these features enable the child to regulate their pace of learning and help to create an individual and scaffolded learning environment (Slavin & Lake, 2008) .
Current study
Firstly, this study examined the influence of language of instruction in an app-based mathematics learning environment in a bilingual immersion setting in Brazil for children aged 5-6 years.
This study asked if app-based mathematics instruction was more effective at supporting the acquisition of basic mathematical skills when delivered in the child's L1 or L2 and examined if proficiency in language of instruction was influential on children's mathematical learning gains and progress through the apps.
Secondly, this study explored if the maths app intervention could be feasibly implemented compared to standard mathematical practice in this bilingual setting. The study asked if children made greater learning gains with the maths apps compared to standard mathematical practice, which in this context was delivered in the child's L2.
Methods

Design
This quasi-experimental study evaluated an educational maths app delivered in either the child's L1 (Brazilian Portuguese) or L2 (English) 2 compared to standard mathematics practice (delivered in L2) with children aged 5-6 years. Children attended a bilingual immersion private school 4 British Journal of Educational Technology Vol 0 No 0 2020 in Recife, Brazil. For practical reasons, a non-randomized, between-groups, design was adopted with three predetermined groups based on the three Kindergarten classes.
To address the first aim and examine if the maths apps were more effective when delivered in the child's L1 compared to their L2, the maths apps were implemented across two classes: one class received the app intervention in Brazilian Portuguese (treatment group 1) and one in English (treatment group 2). To address the second aim, a third class continued to receive mathematics teaching practice as usual, which for this school was delivered in English (L2). This formed a control group to explore feasibility of using the maths apps instead of standard practice. Group allocation was determined by senior teaching staff at the school and was based on the school time table and tablet device availability.
Children were assessed on mathematical skills, before (pre-test) and immediately after (post-test) the 10-week intervention period. Language proficiency in L1 and L2 for each child was assessed with a teacher-rated questionnaire at pre-test. Opt-in parental consent was gained for all participating children and was provided by 92% of all available children across the three classes.
Participants
Sixty two children aged 5-6 years across three Kindergarten classes took part in the study: 23 children in Class 1 were allocated to receive the maths apps in Brazilian Portuguese (treatment group 1), 20 children in Class 2 were allocated to receive the maths apps in English (treatment group 2), and 19 children in Class 3 received standard mathematics teaching practice only (control group). All children completed the pre-test (before) and post-test (after) assessments.
Exclusion criteria
To enable children to show learning gains in the region of previous research (Outhwaite et al., 2017 (Outhwaite et al., , 2018 any child with a pre-test score on the primary outcome measure that was equal to or above 75% was excluded from the analysis. Similarly, time on task has been shown to impact learning gains (Outhwaite et al., 2017) . Any child that missed equal to or above 20% of the intervention sessions was excluded from the analysis. According to these criteria only one child (from Group 2) was excluded from the analysis; they achieved 83% on the primary outcome measure at pre-test and was absent for 30% of the intervention sessions due to family travel. Descriptive data for the final sample structure (n = 61) is summarized in Table 1 .
School context
The study was conducted in a Brazilian Portuguese-English bilingual immersion private school in Recife, Brazil. The school followed a one-way dual language programme with 50/50 immersion (Gomez, Freeman, & Freeman, 2005) . Separate class teachers delivered L1 and L2 instruction, and time allocated to instruction in each language was split equally. In the first half of the school day all subjects, including mathematics, were taught in the child's L2. The second half of the school day focused on language skills, including reading and writing, only in the child's L1. Table S1 illustrates the standard daily school routine (see Group 3) and how the app intervention was embedded into this routine (see Group 1 & 2).
Standard mathematics practice
The school curriculum followed an enquiry-based pedagogical approach organised around interdisciplinary themes. Standard mathematics instruction was delivered in the child's L2.
Mathematical concepts were integrated with other subject areas and learning activities were largely developed in whole class or small groups. For example, in an observed lesson from the control group (Class 3), the data-handling concept of sorting and matching was taught in a science-based practical activity. First, the class teacher introduced the concepts of sorting and matching with concrete examples. Children were then required to individually categorize living and non-living things and create a poster communicating their findings, which was then discussed with the whole class. These embedded mathematics activities were typically implemented 2-3 times a week, for approximately 20 minutes a session.
Maths apps
Children assigned to the treatment groups used two maths apps, "Maths 3-5" and "Maths 4-6", developed by onebillion, an educational, not-for-profit organization (www.onebi llion.org).
The maths apps are designed to support the acquisition of basic mathematical skills, including Number, Shape, Space, and Measure. Details about the topics covered in each app and how the app content maps onto the mathematical concepts covered in the school curriculum can be found in Table S2 .
Overall the apps are designed to deliver one-to-one, child-centred instruction through interactive picture, audio, and animation formats with clear objectives, instructions, and immediate formative feedback, consistent for all users. Children work through the apps with headphones individually, at their own pace, repeating instructions and activities as often as needed. The topic quizzes, noted above, are designed to assess children's knowledge of the mathematical concepts. The number of quizzes passed was recorded as an indication of children's progress throughout the maths apps (Pitchford, Kamchedzera, Hubber, & Chigeda, 2018) .
There are 28 topics in total across the two maths apps (see Table S2 ). The first 22 topics are available in Brazilian Portuguese; the last six topics are available only in English. The difference in the number of available topics in each language could not be controlled, or topics restricted. However, none of the content from the last six topics was included in the primary outcome variable. As the apps are self-paced children could choose the order in which they worked through the app topics, but they were encouraged to complete the app topics systematically as presented in the apps. The first author recorded children's progress through the apps and access to the different topics. No child in either app group completed the full 22 topics available in both languages over the 10-week intervention period (see Table 2 ). Two children in treatment group 2 (English maths app) completed one of the six topics that was available only in English.
The first author (native English speaker) with the support of a native Brazilian Portuguese speaker and speaker of English evaluated the adequacy of the translation between the app content in Learning mathematics with interactive apps 7
Brazilian Portuguese and English. For each of the 22 topics available in Brazilian Portuguese and English, one activity was randomly selected from the seven activities available in each topic in "Maths 3-5" and 6 activities available in each topic in "Maths 4-6." The Brazilian Portuguese and English transcripts of the first trial for each of the randomly selected activities were compared, such as the one illustrated in Figure S1 . All selected app trials were judged to accurately convey the same meaning in Brazilian Portuguese and English, except for one, where the opposite meaning was conveyed. In this trial, the visual information positioned the numbers "10, 20, 30, 40" in ascending order and the English verbal task instructions asked children to continue placing the numbers in the "right order." However, the Brazilian Portuguese verbal task instructions asked children to continue placing the numbers in "descending order."
Primary outcome variable: Mathematics attainment
Children's mathematical knowledge was assessed using the Early Grade Maths Assessment (EGMA); a paper-based, age-appropriate, and internationally developed measure of mathematics attainment (Brombacher, 2010) . It assesses number recognition, quantity discrimination, pattern completion, and numerical operations (addition and subtraction). The majority of EGMA items required a non-verbal response from the child (eg, pointing) but for items that required a verbal response (eg, stating a number answer) the child could answer in Brazilian Portuguese or English, as they chose. The maximum score was 54. This assessment was independent from the maths app intervention and the school curriculum so was not biased in favour of the treatment groups or the control group. Content areas of the maths apps and school curriculum that are covered in EGMA are outlined in Table S2 . Reliability analysis of the EGMA assessment showed high internal consistency between pre-test and post-test scores, r = 0.811, Cronbach's α = 0.888.
Secondary outcome variable: Progression through the maths apps
Children's progression through the maths apps was captured by the number of topics completed (maximum 22 topics across the two apps for Brazilian Portuguese and 28 topics across the two apps for English). For a child to complete an app topic they had to achieve 100% correct on the topic quiz. Each topic quiz included ten questions designed to assess knowledge of the set of activities and concepts the child had been working on within the topic using new content. Pitchford et al. (2018) showed that topics passed within the maths apps correlated significantly with learning gains measured by EGMA, demonstrating that progression through the apps is a valid indicator of mathematics learning. Monitoring data (topics passed) stored within the apps was extracted by the first author and was available for 22 of the 23 children in treatment group 1 (Brazilian Portuguese) and 18 of the 19 children in treatment group 2 (English). Missing data was due to hardware corruption on one device, which was shared across the two treatment groups and so impacted one child from each treatment group.
Language proficiency
Children's language proficiency in Brazilian Portuguese and English was assessed using a 7-item questionnaire. The child's Brazilian Portuguese teacher completed the Brazilian Portuguese section of the questionnaire and the same procedure was followed by the child's English teacher (native Brazilian Portuguese speaker and speaker of English) for the English section of the questionnaire. The questionnaire was designed to measure children's abilities in speaking (4 items), reading (1 item), writing (1 item) and listening (1 item) in each language. The questionnaire was developed specifically for this study and was based on the Alberta Language and Development Questionnaire, a non-language and non-culturally specific parental questionnaire of children's language competencies in their first and second language (Paradis, Emmerzael, & Duncan, 2010) . Items were scored between 0 and 3 and the maximum score for each language was 21. The total score for each language was used as an indication of the child's competencies in their L1 and L2. Reliability analysis of the language proficiency questionnaire showed high internal consistency between Brazilian Portuguese (L1) and English (L2) scores, r = 0.708, Cronbach's α = 0.804.
Procedure
Study invitation and consent procedures
The participating school were invited to take part due to the school's location in Brazil and preexisting access to the required tablet devices (iPads). The school were given continued access to the maths apps, free of charge, by onebillion, meaning that all children, including children in the control group, had access to the maths apps after study completion, at the discretion of school staff. Parents of children were sent information sheets and an information evening was held at the school by senior teaching staff and the first author to fully inform parents about the study.
Teacher training Prior to study commencement, participating teachers met with the research team to discuss the practicalities of the proposed research design within their daily school time table and tablet device availability. All teaching staff were trained on how to implement the maths app intervention by the first author and a specialist teacher from the UK who has experience of using the maths apps in his class with children aged 4-5 years.
Mathematics and language assessments
Children's mathematics abilities were assessed using EGMA immediately before (pre-test) and after (post-test) the 10-week intervention period. Language assessments were conducted at pre-test only. All assessment instructions were delivered in Brazilian Portuguese using audio recordings playing a standardised script. For items that required a non-verbal response, children responded by pointing. For tasks that required a verbal response, children could respond in Brazilian Portuguese or English, as they chose. Assessments typically lasted approximately 15-20 minutes per child and were administered by the first author on a one-to-one basis in a quiet area, free from distraction, in the child's familiar school environment.
Maths app implementation
Children allocated to receive the maths app intervention in Brazilian Portuguese (L1 treatment group) and English (L2 treatment group) used the maths apps in sessions lasting approximately 20 minutes, four times a week, for 10 consecutive weeks. Sessions were implemented instead of the small group, embedded mathematics activities, used in standard practice.
Children used the same iPad each session, accessing their individual profile within the apps, which saved their progress. To aid classroom organisation, iPads were labelled with the children's name. Prior to the session, the teaching assistant set up the children's profile within the app, ensuring the correct language was selected. All children started using the apps in their allocated language on topic one in "Maths 3-5." Once children had completed all ten topics, they progressed to "Maths 4-6." Teachers kept a register of which children had completed the "Maths 3-5" app to support daily organisation. The maths app intervention was implemented in the children's normal classroom and children were sat in their regular seating plan of 5-7 children per table.
Children worked through the mathematics content within their individual profile independently with headphones. Teaching staff provided technical support and behaviour management when needed; all mathematical instruction was delivered through the apps. Implementation of the maths apps by teachers optimised ecological validity.
Time on task
While the maths apps were implemented instead of the embedded mathematics activities typical of standard practice (see Table S1 ) the amount of time on task was not equivalent across the treatment and control groups. Specifically, standard mathematics practice was typically implemented in the control group 2-3 times a week. This equated to approximately 6-10 hours of mathematics instruction over the 10-week intervention period. In contrast, children in the two treatment groups used the maths apps 4 times a week, equalling approximately 13 hours of mathematics instruction. Therefore, the two treatment groups received greater exposure to mathematics instruction over the 10-week intervention period than the control group (see Table S1 ) but time on task was equated across the two treatment groups.
Results
Shapiro-Wilk tests identified some measures (ie, L1 proficiency, post-test EGMA, app progress) to deviate significantly from normality (p < .05). However, more conservative non-parametric analyses gave the same pattern of results as the parametric analyses reported in the text.
Bilingual status of sample
Paired samples t-tests comparing L1 and L2 proficiency across the whole sample and for each group (see Table 1 ) showed children's L1 proficiency was significantly higher than their L2 proficiency, t (60) = 5.76, p < .001, d = 0.60, identifying the sample as unbalanced bilinguals (Baker, 2011) . This pattern was consistent across each group, Group 1 t (18) = 2.28, p = .035, d = 0.50, Group 2 t (22) = 3.84, p < .001, d = 0.51, Group 3 t (18) = 4.74, p < .001, d = 0.84. Table 2 shows mean EGMA performance at pre-test and post-test for each group. In accordance with the quasi-experimental research design and differences in pre-test EGMA scores (see Table 2 ) across the three predetermined groups, a change-score analysis was used (Thomas & Zumbo, 2012; Van Breukelen, 2006) . Group mean gain scores (post-test minus pre-test), percentage gains, and within-group effect sizes with 95% confidence intervals (CI) reflecting the progress of each group are also reported in Table 2 along with mean number of topics passed for the two treatment groups.
Primary outcome variable: Mathematics gains
To examine if the maths app intervention supported the acquisition of basic mathematical skills when delivered in either the child's L1 Brazilian Portuguese (treatment group (1) or the child's L2, English (treatment group (2) compared to standard mathematics practice (control group), the mean gain in EGMA scores (post-test EGMA minus pre-test EGMA; see Table 2 ) for the three groups were compared using a one-way ANOVA.
Results revealed significant group differences in EGMA gain scores, F (2, 58) = 3.78, p = .029. Post hoc independent samples t-tests showed that children using the maths apps in Brazilian Portuguese (treatment group 1) made significantly greater gains than the control group, t (40) = 2.55, p = .015, between group effect size d = 0.79, 95% CI = 0.16-1.42. Similarly, children using the maths apps in English (treatment group 2) made significantly greater gains than the control group, t (36) = 2.38, p = .023, between group effect size d = 0.77, 95% CI = 0.11-1.43. In contrast, there was no significant difference in gains across the two maths app treatment groups, t (40) = 0.42, p = .676, between group effect size d = 0.13, 95% CI = −0.48-0.74. Table 2 reports the mean number of topics completed (number of topic quizzes passed) for children in treatment group 1 (Brazilian Portuguese) and 2 (English). An independent samples 10 British Journal of Educational Technology Vol 0 No 0 2020 t-test showed children using the maths apps in Brazilian Portuguese (treatment group 1) made more progress throughout the apps compared to children using the apps in English (treatment group 2), which trended towards significance, t (38) = 1.96, p = .057, between group effect size d = 0.63, 95% CI = 0.002-1.25.
Secondary outcome variable: Progression through the Maths apps
Language of instruction proficiency
Pearson correlations showed a small but not statistically significant correlation between proficiency in language of instruction and EGMA gains across the two treatment groups who used the maths apps, r = 0.25, p = .113. However, a moderate and statistically significant relationship between proficiency in language of instruction and progress through the maths apps measured by topics passed was identified, r = 0.36, p = .022.
Discussion
This quasi-experimental, pilot study examined the role of proficiency in the language of instruction in the context of app-based mathematics instruction for bilingual children aged 5-6 years old in Brazil. To our knowledge this is the first study to apply bilingual education theory to technologybased mathematical interventions in a controlled, real-world, bilingual immersion setting.
Language of instruction
In this study, the same maths app intervention was implemented within the same Kindergarten classroom environment; only the language of instruction was manipulated. Results showed children aged 5-6 years, who used the maths apps made significant progress in mathematics regardless of whether the apps were delivered in their L1 or L2. However, a larger effect size for gain scores was observed for children who used the apps in Brazilian Portuguese (within-group effect size 1.46, 95% CI = 0.54-2.38) compared to English (within-group effect size 1.06, 95% CI = 0.10-2.03). This corroborates the results found for progression through the apps, as measured by topics passed. Children who received instruction with the apps in Brazilian Portuguese made more progress through the maths apps than children who received instruction in English, a difference that approached significance (p = .057), and was characterised by a medium effect size (d = 0.63, 95% CI = 0.002-1.25). This indicative finding is consistent with previous research with these maths apps, which showed the level of language processing difficulties of children with special educational needs predicted their learning gains . As the children in this study were identified as unbalanced bilinguals (Baker, 2011) , with L1 stronger than L2, these results may suggest the maths apps were implemented most effectively in the child's first language.
This evidence may suggest that children need to have sufficiently developed language proficiency to access curriculum content and to respond to instruction (Cummins, 2008) . In the current study, some of the app tasks may have required vocabulary that extended beyond the children's current level of proficiency, specifically their cognitive academic language proficiency (ie, CALP) in the language of instruction. For example, in one quiz question, the on-screen teacher asks the child "how many pencils are there?" from an array of pencils, footballs, cups, bowls, and shoes. If the child cannot identify which items are pencils, their performance may reflect their low CALP rather than their mathematical ability. As progress through the apps was measured by number of topics completed (100% pass rate needed in the topic quiz), these vocabulary restrictions may have hindered children's progress, particularly as the maths apps are self-paced in nature.
Furthermore, the maths apps may not provide sufficiently context embedded communication needed for some learners to adequately access and interact with the mathematical content.
Although the apps are identified to provide relatively high levels of contextual support, through the congruent auditory and visual information, interactive pictures, audios, and animations, combined with an on-screen teacher providing clear task demonstrations, this may be insufficient, depending on the language proficiency of the learner, given these vocabulary restrictions.
Context embedded communication typically also includes supportive cues, such as gestures, body language, and intonation, or even concrete cues. These cues allow the learner to draw upon their basic interpersonal communication skills (BICS; Cummins, 2008) and contribute to the understanding of conveyed information (Church, Ayman-Nolley, & Mahootian, 2004; Singer & Goldin-Meadow, 2005) . BICS therefore may support understanding when children have not reached a sufficient threshold in their CALP (Cummins, 2008) . While some BICS features can be identified within these apps, such as intonation and concrete cues, others including gestures and body language are not.
To explore these two proposed explanations, direct measures of children's L1 and L2 CALP specific vocabulary skills are needed in future research. Without these additional measures these explanations are speculative. Further studies are required to develop research-based design frameworks for app-based mathematics instruction in a bilingual setting, beyond the specific apps evaluated in this study that draw upon the CALP/ BICS distinction (Cummins, 2008) and supports children's developing language proficiencies through supportive scaffolding.
Comparisons to standard mathematical practice
When comparing the maths app intervention to standard practice, results showed children who used the maths apps in either Brazilian Portuguese (treatment group 1) or in English (treatment group 2) made significantly greater mathematical learning gains (16.9% and 18.1% respectively) compared to children who received standard mathematics practice only (control group; 10.8%). However, whilst time on task was equated for the two treatment groups, the control group received less mathematics instruction across the study (see Table S1 ). Specifically, children in the two treatment groups had approximately 13 hours of exposure to mathematics instruction, compared to approximately 6-10 hours for the children in the control group. Although this procedure was based on practical factors due to the school's capacity and routine, the additional time learning mathematics, may, in part, have accounted for the greater learning gains seen in the two treatment groups compared to control group (Cheung & Slavin, 2013) . It is not possible to disentangle the impact of increased time learning maths from the unique impact of app-based mathematical learning in the current study. However, these apps have been shown to significantly raise learning outcomes compared to standard mathematics practice even when time on task was equated across the treatment and control groups in a high-income, Western context (Outhwaite et al., 2018) . Future research should build on this current pilot study by ensuring fully time-equivalent treatment and control groups (Holmes & Dowker, 2013) . This will help to establish if the current findings are corroborated in a bilingual immersion setting, such as the Brazilian context presented in this study. At the very least, the current results indicate that incorporating additional, structured mathematics instruction into a weekly time table significantly improves early learning outcomes for mathematics, corroborating previous proof of concept studies (Outhwaite et al., 2017) .
In addition, as the maths apps were self-paced, it may be possible that children in the intervention groups accessed additional and potentially more advanced mathematical content (see Table S2 ) than children in the control group who received standard mathematical practice at the pace established by the classroom teacher. This makes direct comparisons between the intervention and control groups challenging. However, the standardised outcome measure (EGMA)
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Finally, it is important to acknowledge the error observed in the analysis of translation adequacy, which was based on a random sample of app topics (see above). While the single error observed in this sample is unlikely to significantly impact the results, it is imperative that future research achieves and maintains linguistic accuracy in the presentation of the same mathematical content in different languages.
Implications & conclusion
This study provides initial proof of concept for the use of app-based mathematics instruction for children aged 5-6 years in a dual immersion bilingual setting. Current findings indicatively suggest that to maximise interactions and learning with the maths apps, children need to have a sufficient level of language proficiency in the language of instruction. As children in the current study were shown to have a stronger L1 proficiency, it suggests that for these children the apps are most effectively implemented in Brazilian Portuguese. However, for similarly high-quality educational apps that are not available in multiple languages, app-based learning in L2 can be effective. Further research is needed to explore the influence of specific language proficiencies, particularly CALP and BICS, as well as children's language responses during implementation.
Critically, this study provides initial evidence towards advancing our understanding of bilingual learners' experiences of app-based learning in a controlled, real-world, bilingual setting. For teaching professionals, this study demonstrates this particular maths app intervention, implemented through the reported arrangements, can positively benefit children's acquisition of basic mathematical skills and that implementation considerations should be made that account for individual children's proficiencies in the language of instruction. Now that proof of concept has been established in this context, further research is needed to support more detailed recommendations to teaching professionals and parents for using educational maths apps with young bilingual children.
